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TTTLE. TENSIONING HYDRAULIC NUTS 

PA ^nun^ A c thp invfuTION 
•j RfBirttrfthefnventiort 

THJS INVENTION relates to hydraulic systems for 
tensioning fasteners; to nuts to be tensioned thereby; to tools to be used 
therewith; to washers and fo other fike type structures and accessories for 

use therewith. 

2. Prior Art 

Hydraulic nuts are Known. The specification to Australian 
Patent No. 625495 (ALM3-25403/88). to the present applicant describes 
suchanuL These nuts find applications in a variety of fields, fw example 
in the assembly of turbine casings. 

Power industry turbine casings are invariably in two halves, 
joined axial* to make an essentially symmetric shell in which the turbine 
rotor operates. The join between the casings must be clamped with 
sufficient force to withstand the massive forces ef separa^ 
by the action of steam under pressure within, and with a high degree of 
consistency to prevent leakage or distortion of the casing. Steam 
turbines operate of necessity at high temperatures, so the nature of the 
material used in the bolts must resist creep (slow relaxatk^) under such 
conditions This rutes out using particulariy high-stretig^ heat treated 
alloy fasteners, so the er,gineering solution taken is that of using 
studbolts of large cress sectional area at reduced separation (bolt ^ 
This reduced separation means that there is very little working room 
around the bolts. This creates problems in applying the high torque 
necessary to provide required tensite k^ te the member. Most turbine 
manufacturers have, therefore, opted to recommend a practice of heat 
induced elongation and subset shrinkage of the individual studs for 
casir^ bolt tensioning. This is an extremely costty method in the amount 
of time censumed, and it also has detrimental effects on the integnty of 
the fasteners. 

There has been considerable pressure applied by power 
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generation utility companies to the manufacturers of the turbines to 
improve the methods used in this area. An 'outage' of a baseline 
generator, in a nuclear plant' for example, can cost a considerable sum 
per day. "mere are economic reasons to improve performance. The 

s utility companies are of the opinion that permanently installed hydraulic 
fasteners are the ideal method of force application for these studbolts 
However, there are design changes necessary to best fit such equipment 
requiring manufacturers and regulatory body approvals, so an interim 
step which would still allow the use of hydraulic tensioning without major 

10 design change has been devised Ideally, they would use such 
equipment as tools which are removed after application, and which do not 
require replacement of the studbolts themselves. 

si iMMARY OF THE INVENTION 

Following experience gained in the development of high 

15 temperature nydraufcm 

proposes herein solutions to inherent problems of tensioning fasteners 
which are applied In circumstances offering limited working geometries 
such as fasteners used in fixing turbine casings. 

R is an object of the present invention to provide one or 
20 more improvements and developments which address the above issues. 
In particular, a preferred object of the invention is to produce an hydraulic 
bolt tensioner and accessories therefor which can apply high tensile 
forces in very confined spaces. Various other preferred objects and 
particular advantages will hereinafter become apparent 
25 Throughout the specification, the term "studbott" shall 

include bolts and other fasteners. 

The invention provides, in a first aspect, an hydraulic 
tensioner for application with a studboft fitted with a nut. said tens»oner 

having including or comprising: 
30 a puller bar for engagement in an internal thread with the 

studbott; 

a puller buddy for engagement with an external thread on 
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the studbolt and With the puller tear, to work with an hydraulic means 
acting via a bridge around and/or aver a nut and against the puller bar to 

tension the studbolt 

In a second aspect, the present invention resides in a 
5 hydraulic tensioner for a studbolt or similar, fitted with a nut, extending 
from an article or machine, said tensioner including or coir^ng: 

a puller bar for engagement in an internal thread in an end 

of the studbolt; 

a tridge extending around and/or over the rwt. engageable 

10 with the artide or machine; and 

hydraulic means between the puller bar and bridge and 
operable to cause the puller bar to tension the studborl by puffing the one 
end of the studbolt ina direction away from the article or machine. 

Preferably, the hydraulic tensioner further includes a puller 
buddy engageable with an external thread about the one end of the 
studbolt and engageable with the puller bar. 

Preferably, the internal thread m the studbolt is stepped in 
diameter and the puller bar has a threaded end with complementary 
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Alternatively, the internal thread In the studbolt is 
substantially conical or tapered; and 

the puller bar has a thread end with a complementary 

substantially conical or tapered external thread. 

Preferably, the internal thread on the studbolt and the 
external thread c* the end of the puller barareof tapered buttress 



Preferably, the shoulders of the buttress threads are at an 
angle of ajjprcxtmately 10* (to the normal to the horizontal axes of the 

studbolt and puller bar). 

Preferably, the pitch of the external thread on the puller bar 
is greater than the pitch of the internal thread m the studbolt. 

Preferably, the pitch of the external thread on ths puller bar 
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is 100.1% to 100.5% of the pitch of the vertical thread in the studbolL 

in a third aspect, the present invention resides in a coupling 
for the hydraulic tensioner of the type as hereinbefore described wherein: 

the internal thread on the studbott and the external thread 
on ihe end of the puller bar are of tapered buttress threads. 

Preferably, the shoulders of the buttress threads are at an . 
angle of approximately 10° (to the normal to the horizontal axes of the 
studbott and puller bar). 

Preferably, the pitch of the external thread on the puller bar 
is greater than the pitch of the internal thread In the studbolL 

Preferably, the pitch of the external thread on the puHer bar 
is 100.1% to 100.5% of the pilch of the vertical thread in the studbolL 

Preferably, the profile of the buttress type thread is mat 
having an exaggerated thread root radius. 

In a fourth aspect, the invention further provides a nut with 
particular attributes suited to working with the aforesaid hydraulic 
tensioner having irxduding or comprising a nut body with a substantially 
conical or tapered peripheral surface, an annular shell with a 
complementary conical or tapered recess to receive the nut body, n use. 
the nut body being screwed, in use. on a studbott into the recess of the 
annular sheiL 



having a substantially part«pherical face engageable by a 
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complementary part-spherical face on the annular collar or shell to enable 
the base washer and annular collar or shell to be self-aligning. 

The invention still further provides, in a sixth aspect a 
washer ideally suited for use with the aforesaid tensioner and/or conical 
5 nut, said washer having including or comprising first and second annular 
means mating at a slip plane angled from the plane transverse to the axis 
of the washer, and removable or releasable means holding the first and 
second annular means against relative slip over the slip plane 
therebetween whilst the removable or releasable means is In place. 
10 gSiEE INSCRIPTION OF THE DRAWINGS 

The invention will now be described with reference to 
various preferred embodiments, seen in greater detail in the 
accompanying drawings in which: 

FIG. 1 illustrates a prior art approach to tensioning a nut on 

15 a stikbott; 

FIGS. 2 and 3 are plan and vertical sectional views of a nut 

in accordance with the invention; 

FIG. 4 is a vertical section through an hydraulic tensioner 
mounted to a nut of the kind seen in FIGS. 2 and 3; 

FIG. 5 is a view of a detail m FIG. 4; 
FIGS. 6 to 8 are vertical section, plan and sectional detail of 
another hydraulic tensioner in accordance with the invention; 

FIG. S is a view of one embodiment of a washer In 

accordance with the invention; 

FIGS, to to 12 are views of alternate embodiments of 

washers for use with the invention; 

FIGS. 13 to 16 show yet further embodiments tor washers in 

accordance with toe invention; 

FIGS. 17 and 18 show detailed views of mechanisms for 
rotating the nuts employed to tensioning systems in accordance with the 
invention; 

FIGS. 19 to 27 show additional embodiments for washers in 
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accordance with the invention; 

FIG. 28 is a vertical sectional view showing one embodiment 
of a coupling between tensioning means and the studbolt; 

FIG- 29 is a similar view of a second embodiment of a 



coupling; 
coupling; 



FIG. 30 is a simitar view of a third embodiment of a 

FIG. 31 is a vertical elevations! view of the puller bar of FIG. 
30; 

10 FIG. 32 is a vertical sectional view of a fourth embodiment 

of the coupling; 

FIG. 33 Is a sectional view of the threads of the coupling, on 

an enlarged scale; and 

FIG. 34 is a sectional view showing the stress 

IS concentrations 'm the coupling of FIG 33. 

DESCRIPTION OF THE PR EFERRED 
PMRnnil ^FMTS OF THE INVENTION 
FIG. 1 illustrates a known approach to the above stated 
problem which uses a bridge to go over the nut The studbolt 10 is fitted 
20 with a nut 11. fitted with a nut rotator 12, having holes enabling 
engagement of the nut rotator which a suitable tool to turn it Above the 
nut 11 is an hydraulic assembly 13 comprising a piston member 14, 
threadabry engaged on stud 10 and extending down into a cylinder 
member 15. the two members 14. 15 working together with an expansion 
25 charrtKw therebetween ir^ 

fluid under pressure (via charge port 16) the expansion chamber being 
sealedatlTinarrjannerknownto^ This type of 

structure is seen in the prior Australian patent specification referred to 
above. The cylinder member 15 of the rydraulic assemirfy is worked 
30 agair^abridge18,stano1r«overtr«nut11. Expansion of the hydraufio 
assembly 13 expands the assembly, tensioning the studbolt 10 to allow 
the nut rotator 12 to be rotated to tighten the nuL After the nut 11 is 
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screwed firmly against ihe face of the element being heW by ttte studbdll 
10. the hydraulic pressure may be relieved and the hydraulic assembly 13 
can be removed from the studbolt 10. which therefore remains in tension. 
Clearly, the dimensions of the applied hydraulic assembly 13. in 
5 directions transverse to the studbolt 10. will be limited by the degree of 
spacing between neighbouring studbolts 10. 

The prior art practice described above is mounted over the 
nut 11. with a bridge 18 as illustrated, the bridge 1 1 allowing access for 
rotation of the nut 11 within Ctearty. when there is little room between 
10 adjacent studs 10 and nuts 11. the bridge 18 must be thin walled, and rt 
will apply high bearing stresses upon the joint face when operabng. In 
practice, the nuts 1 1 are so dose as to almost touch, which also means 
that the distance between the closest interference and diameter of any 
studbolt 10 does not allow for much annular area in the tensioner. Bolt 
XS tensions have been constructed which have required the use of an 
extended studbolt to get above the spatial restrictions. If used as a 
replacement fitting, then a» the studbolts will have to be changed end the 
turfjtne insulating covers altered at considerable cost 

The above stodboR is by definition of the same strength as 
20 original equipment, so the connection with the bolt tensioner therefore 
cannot be reduced in diameter to allow the bolt tensioner tool to have 
^intertor annular pressure «ea This means that the tensioner is 
req^ to have seven* toad cells (in a stacked configuration known to 
those skilled in the art) and even longer stod length to acc^nodato 
25 same. The resulting tension** made by others in this area are therefore 
huge items requiring special studs with modmcatk^ to the machine and 
cannot beused in dose proximity. They would interfere badly if used on 

consecutive studs. 

With the aforementioned in mind, the inventor has designed 
3 e the herein described hydrauSc bo* tensioner and accessories which can 
be produced in a form which is comparatively very small, yet still provides 
high tensioning forces within the existing spottece dimensions of turbine 
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casings. As consequence, these items may therefore be used on every 
casing bort simultaneously. Which is a massive boost to productivity. The 
inventor proposes a modification to existing studbolts 10 to adapt them to 
this system. As best practice, me inventor proposes to replace existing 
5 nuts 11 with a companion development, a mechanic superior type nut 
21 having better thread load distribution characteristics. Another, 
particular development is a washer 24 by which the tension in a studbolt 

may be relieved. 

A nut 20 which is proposed below may be a three-part 
io assembly, being a fitted substantially cone shaped member 21. or 
equivalent; and collar-like member 23. preferably resting on, typically, a 
spherical base washer 24. In a preferred form (see below), the cone nut 
21 may have a gear 22 cut into its outer diameter to enable or allow Its 

rotation during tensioning. 
1S in FIGS. 2 and 3, there is illustrated a development in 

accordance with the present invention. The studboft. 19 may have en 
external thread 19a to which can be applied to a nut structure 20 
incorporating the cone nut 21 is an hydraulic tensioning assembly 25 in 
accordance with the invention. The hydraulic assembly 25 may involve 
20 multiple load cells, eg., three In this example numbered as 26. 27. 28. 
each with a respective piston and cylinder such as 29 and 30. as shown 
tor load cell 26. and each with a charge port 31 to the case of load cell 26. 
(The charge ports 31 are connected to 8 manifold 32.) The load cells 26. 
27. 28 wont upwardly against a bar nut 34 on a tension transmitting 
25 member 33. hereinafter referred to as a -puller bar*, which extends 
downwardly, centrally of the toad cells 26-28 to (optionally) a threaded 
end 36 which may screw-threadably engage a complementary bore in 
studbolt 19. The puller .-bar 33 may have an erigagementfaceorstoukler 
35. acting wftti or working against an intermediate toad transmitting 
30 means, hereinafter called a "puller buddy 37. serew^hreadably or 
otherwise engaged to an external thread On this example) on the studboft 
19. Together, the puller bar 33 and puller body 37 cooperate to tension 
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the studbolt 19- The hydraulic assembly 25 extends downwardly, past toe 
cone nut 21, preferably via a bridge 38. which may sit atop the shell 23. 
acting or working thereby against washer 24 in the process of tensioning 
the studbolt 19. Elongation resuming from tensioning of the studbolt 19 by 
5 action of the tensioning assembly 25 on the studbolt 1 9 can be taken up 
by rotation of the cone nut 21 . 

The above ffiustratas the means by which high tensile toads 
may be applied without damaging the threads 1 9a of engagement of the 
studbolt 19. or exceeding the spotface dimensions allowable for each 
10 sjze A tensioner assembly 25 manufactured as illustrated may produce a 
tensile force of 50 tons/in* on a 2" Studbolt The arrangement shown 
anows the load applied by the puller bar 33 on the inner threads 19fa of 
the studbolt 19. and the load applied by the poller buddy 37 on the outer 
threads 19a to be tfsiributed between the respective threads of 
!5 engagement during tensioning. The force which can be defivered may 
onV be limited by the tensile strength of that sectional area of the studbolt 
19 which is subject to said force. This can be maximised by manipulating 
the actual potoi of application of load via mner and outer threads 19b, 
1S3 Fcr exan^ If the inner bar wera^ 
20 puller buddy 37 picked up load ^ 

the illustration, full load can men be disfobuted across tjie s^n rn a 

very favourable manner. 

FIG. 5 shows the studbolt 19. puller bar 33 and puller buddy 
37ofFlG 4. The relative extent of the thread of the threaded end 36 of 
25 the puller bar 33, m the inner threads 19b of toe studboH 19, and the 
puller buddy 37 on the outer threads 19a of the studbolt. can be arranged 
to produce toad concentrations 39. 40. as discussed above. 

The inventor has designed further apparatus to ac«miarice 
with the preferred objects of this tovention which l^e either ln^ 
30 external only threaded couplings trw puUer and studbolt rather 

than the combination exhibited by ihe puller/buddy type cormecbon. 

The inventor has also designed variations of the tensioner 
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apparatus thus described which do riot rely on the use of the cone type 
nut As illustrated (see discussion below), the operative strength of a hex 
nut is governed by its minimum wafl thickness. The proposal here can 
make use of the difference in Across Flats and Across Comers 
5 dimensions of hex nuts to mount a bridge directly onto a modified 
spherical washer at full spotface dimensions. There may be sufficient 
stud protrusion above the Joint to fit a Ring Nut, and after tensioning is 
complete, a Cap Nut can be screwed onto me top to protect the thread 

FIGS. 6 to 8 show an assembly of the kind in FIG. 4 applied 
10 to a system not using a cone nut In this embodiment, a studbolt 41 is 
fitted with a nut 42 with an hydraulic assembly 43 to tension the stud 41 
viaapu»er44andabuddy45. The assembly 43 acts down via bridge 47 
to washer 48. The assembly may be removed after tensioning and 
tightening of the nut 42 with the exposed end of toe stud 41 as seen in 
15 FIG. 8 fitted with a protective cap (not shown). The nut 42 is a round nut 
of just sufficient thickness to hold the load. In FIG. 7 .s seen the round 
nut 42 with its equivalent hex nut shown in dotted outline. There is a 
saving in overall diameter by moving away from the hex nut structure 
leading to nweroomto work wito when apphtogte^ 
20 As part Of a total package for Turbine Tensioning Systems 

the inventor has developed a device designed to replace the torch ring 
often used where it is considered quicker to release clamp force by 
twairtg arrf rernpv^ ^ R difficult to advocate 

toe use of sacrificial parts and oxy cutting thereof around muttHnilHon 
25 dc^twdware, so the invent 
which can be released voluntarily. 

FIG 9 illustrates a friction washer in accordance with toe 
invention. The washer 51 is in two parts or halves 52, 53, mated across 
sloped surfaces at line 54. The two parts 52. 53 held to position bybdits 
30 55 in holes 56 and threads (not shown) in part 52. When a nut is to be 
released, the bolts 55 may be removed and a tap with a hammer can 
cause slip over plane 54 to release tension. The friction washer 51 is 
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loaded by the compressive force applied to the joint and two halves 52. 
53 are held together by friction. The degree of slope is chosen to enable 
slip when the washer 51 is given a jolt after the retaining bolts or th 

wedges (see below). 

The above friction washer 51 is a simple yet effective device 

in which the friction between the opposing faces holds the washer 

together as a function of the force exerted downwards by the bolt tens«on. 

As the rejationship is essentially linear, then the correct slip plane angle 

can be determined from those inherent factors and the co-efficient of 

friction of the base material, ft is set so that when the bolt is under 

tension, the capscrews wiH provide force just sufficient to hold the 

assembly together. Remove the capscrews. and apply a light blow to 

overcon^stic^ 

Design of the washer can be varied 

In FIGS. 10 to 12 are shown variations of the slip washer of 
FIG 9 ^FIG8.10andl1.«iBl»|«»l**«VlwSr r SB««nrtl 
sedges which may be removed to aJtow slip of the two sections m FIG. 
12, the slip plane is stepped at 59 to allow easy assembly wWi bolts fed 
into holes such as 1 extended through the shoulder. For those wrth 
lingen ng doubts about removal of bolts under high tensile toad, then 
these offer great reassurance. mi^ce.fl^ rn^be^ imichienK^al 
time saved that they coukJ become valuable in applications not uhlismg 
the otherfeatures of the presently set out system. 

FIG. 13 Illustrates a plan view of a washer fitted with an 
annular locking ring 62. The washer may be formed in a number of 
sections meeting at slip planes and three are seen to the drswing The 
wasf^andringisshowntofransversesec^ lnFlG.14.the 
washer is a three part construction with sections 61. 63. and 64 mating 
together at opposed sloping slip pfenes- The locking ring 62 holds the 
assembly together during *&&*ton. The tocktog ring 62 can be 
rem0 ved to enable displacement of the sections. In FIGS. 15 an d 16 Is 
shown a three part assembly in which the washer sections 67. 68 and 69 
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are held together by wedges 65. 66. 

FIG. 17 shows in detail where a cone nut 70. on a studbott 
71, is turned by means of a tommy bar 74 engaged in a hole such as 75 
via slot 73 in bridge 72. A variation is shown in FIG. 18. In FIG. 18. the 
5 cone nut 70 is rotated by a gear assembly 76. with gear 77 engaged with 
a cone nut 70. The gear assembly 76 is rotated by application of a. 

suitable driver at 78. 

In FIGS. 19 to 27 are illustrated variations of the above 
described washers, wherein a lock ring 79 holds segments such as 80 
10 which together act as a washer. Removal of the locking ring 79 releases 
them to release the load The piece 81 of FIG. 21 may have a conical 
face. The piece 83 of FIG. 27 is formed with a flat face 84 which come 
together to form the assembly of FIG. 25. 

FIG- 28 shows an arrangement where the hydraulic tension 
IS system 125 has a puller bar 133/puUer buddy 137 combination where 
there is no reduction in the diameter of the external threads i 19a on the 
studbott 119. the latter being fitted with a cone nut assembly 120. 

In FIG. 29, the external threads 219a en the studbott 219 

are of reduced diameter. 

20 fig. 30 shows a hydraulic tensioning system 325. where the 

puller bar 333 has a threaded end 336 divided into respective stepped 
diameter zones 336a and 336b (in the direction away from the abutment 
335) to engage the Vernal threads 319b m a stepped bore in the studbott 
319. A puller buddy 337 is engaged with the external threads 319a on 

25 the studbott. 

FIG. 33 shows a more preferred coupling arrangement 
between the puller bar 433 (of the hydraulic tension system 425) and the 
studbott 419, where the respective threads 436a (on the putter bar 433) 
and 4lSb (in the studbott 419) are of complementary (substantially) 
3 o conical configuration, as shown in enlarged scale in FIG. 33. 

The inventor has examined various threaded connections 
for the tensit^ner/studbott interface, and found that the simplest 
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configuration havtng the best stress distribution is a 10* tapered buttress 
thread modelled specifically for this purpose. Tapered cone styles with 
6CT threads have been around as connectors for tensile rods such as drill 
steels since the industrial revolution - downhole hammers used in drilling 

5 have a modified tapered buttress thread form, as do components of rock 
crushing equipment The specific benefits of using this type of thread are 
resistance to loosening, qui* breakout and the use of thin walled 
elements as the tnreadform does not generate significant radial thrust 
forces. The inventor has chosen to use a modified buttress with a slight 

10 overpitch (increased thread pitch) (eg.. 3.005mm) on the puller (relative 
to 3.00mm on the studboii) gives a near-perfect load dlstributfon on the 
threads. The shoulders of the buttress form threads are essenually 
perpendicular to the pullers and bolts common axis, and therefore have 
no radial thrust. 

15 -The inventor has designed a specific threadform for this 

application, as shown in FIG- 33. It has a very low face angle and 
exaggerated root radii to prevent stress concentrations common win 
generic forms. The more even stress concentration patterns in the 
components is illustrated for the stress concentration pattern shown in 

20 FIG. 34. 

The cone nut assembly 20 can be specifically designed 
usi^c^rnputerrr^ 

10 1 retain the highest proportion of toad provided by the 
2S hydraulic mechanism when transferring that load to the nut assembly. 

the concentration of toad found with standard nut/bolt connections. 

This is preferably acrueved by modelling the components" 
deflections during the complete operational cycle of the tensfoner to 
3 o determine the precise set of dimensions «pre4ensionlng- which wUl give 
the ideal deflected shape "post tensioning-. Obvfousiy. the shape of 
vHrious sections of components will alter during cycle, and the designer 



24/08 2001 FBI 14: SO FAX 



19022/055 



PCT/AW0ffl8!38^ 

WO 00/51791 

14 

must know what shape to make than so that their compressed shape will 
allow optimised performance of the fasteners. 

The operation' of the "cone nut" assembly 20 is quite 
complex. After being screwed into position during hydraulic pump-up 
5 phase, when the pressure is reBe^ 

21 (with internal cone face) is first put into tension, simply hanging off the 
upper face of engagement with the colter or cone outer 33. Then, as 
pressure relief continues, the toad being transferred to the 'cone nut" 
assembly 20 increases, the tower part of the thread radially deflects 
10 progressively upwards and contacts the adjacent tapered face of the 
coflar. This action effectively dissipates the concentrations of toad 
throughout the thread contact zone, therefore. Smiting the radial thrust 
factor and associated tosses of tensile toad and bolt extension in the 
system. 

15 The inv^ition has been described with respect to preferred 

arrangements which relate te a task where it has ideal application. The 
scope of the tovention is not fimrted to the embwfirnents and use hereto 
described, but also to a wide range of other applications which would be 
dear to those skilled in the art Some examples would be for valves. 

20 flanges, pumps, compressors, engines and pressure vessels where 
components of such equipment are retained by tensite members. 



